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Introduction

Given the expected population growth in the coming years and the necessity to provide food for people, legumes,
especially chickpeas (Cicer arietinum. L), hold significant importance in terms of economics, nutrition, soil
improvement, and crop rotation. Legumes are considered one of the most important sources of protein in most
developing countries. Researchers believe that early cultivation of chickpeas leads to better performance due to the
longer vegetative growth period and concurrent reproductive phase with appropriate rainfall and desirable moisture. On
the other hand, studies show that spring planting of chickpeas leads to a reduction in all growth factors due to the
simultaneous sensitive growth stages with water deficit and drought stress. This study was conducted to grouping of
candidate chickpea genotypes in response to water deficit based on their yield performance and components at different
planting dates.

Materials and Methods

This study was conducted at the research farm station of the Faculty of Agriculture, Ferdowsi University of Mashhad, in
the year 2018-19. In this research, six genotypes and two cultivars were evaluated in a randomized complete block
design with four replications as a split-plot design. Seeds were obtained from the seed bank collection of Research
Center for Plant Sciences, Ferdowsi University of Mashhad. Planting was done in two dates in 5 March and 13 April
with a density of 40 plants per square meter. Also, irrigations were done only at two stages; the first stage was irrigated
with the purpose of achieving the emergence and the second irrigation at the time of 50% flowering with 20 mm in both
stages. To measure traits such as emergence time, flowering time (50% of plants in flowering stage) and biomass, plant
height, number of pods per plant, percentage of fertile pods, and 100-seed weight at the end of the growth stage and
harvest time, five plants were randomly selected from each plot, and the desired traits were examined and recorded. At
the time of full maturity and drying of the plants, after removing half a square meter margin from each plot, biological
and seed yield were measured, and for calculating biological yield, the dry weight of seeds was added to the dry weight
of plant residues.

Results and Discussion

The results indicated a significant superiority in all traits for the first planting date (5 March) compared to the second
planting date (13 April). Significant differences were observed among the different genotypes in terms of emergence
percentage, days to maturity, plant height, days to flowering, biological yield, podding, and seed yield. Genotype
MCC352 had the highest number of pods per plant (34 pods), and genotype MCC427 had the highest number of days to
flowering. Genotype MCC537 was superior in plant height and biological yield, but genotype MCC696 was superior in
days to maturity and seed yield, indicating that these two genotypes had better responses to environmental conditions.
Based on cluster analysis of chickpea genotypes in the first planting date, eight genotypes were classified into four
clusters. Cluster 1 included genotypes MCC352, MCC537, MCC552, MCCB80, and Jam cultivar. Cluster 2 included
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Samin cultivar. Cluster 3 included genotype MCC427, and cluster 4 included genotype 696MCC. Cluster 1 had the
highest coefficients in terms of emergence percentage and days to maturity, and cluster 2 had the highest coefficients of
days to maturity and days to flowering. Similarly, in the second planting date, eight chickpea genotypes were classified
into three clusters. Cluster 1 included genotypes MCC696, MCC537, MCC552, MCC80, and Jam cultivar. Cluster 2
included genotypes MCC352 and MCC427. Cluster 3 included Samin cultivar. Cluster 1 had the highest coefficients in
terms of emergence percentage and days to maturity, and cluster 2 had the highest coefficients of days to maturity and
emergence percentage. Furthermore, the Principal Component Analysis of the studied genotype traits showed that in the
first planting date (5 March), PC1 (43.4%) and PC2 (25.7%) accounted for a total of 69.1% of the variance, while in the
second planting date, PC1 (36.8%) and PC2 (27%) accounted for a total of 63.3% of the variance. Overall, the studied
genotypes had better performance and yield components in the first planting date.

Conclusions

In general, it can be concluded that delayed planting and exposure to drought stress during the critical growth stages of
the plant at the end of the season resulted in a decrease in chickpea yield and its components. It was observed that
planting chickpea on time to avoid late drought stress at flowering and podding stages would lead to a better yield and
its components.

Keywords: Cultivation time, Drought stress, Growth stages, Principal Component Analysis



Iranian Journal of Pulses Research
Vol. 15, No. 2, December 2024, pp. 141-158
Original Research

A.Q%f}aggs

Olnl Slgs slaings 4 puls
VEV-Y0A .o VE+Y 093 Ao oF Byl VO Al

ipgiy e goi

Homepage: https://ijpr.um.ac.ir

g https://doi.org/10.22067/ijpr.2024.83890.1063

(Cicer arietinum L.) L5 3¢50 Sid a Joio (sl nils swigij (gang S

Y0 Jlog Lo josmw Tyl ot 1O SIaLS 2ad o O 4yl dumaw 319 w0

VEY/ 8T el o gu,l
VEYNYIYY :Gopdy g

oS
«oils Gl slag b Lo (Cicer arietinum L) sg50  Sis 4y Joore slauailS slacaigy (saiseg,S jshaiea,
ouSiils Slidod ac e 40 )10 Yz o Bolal oS slaSel )b (B j0 oal 85 slaes S & g0 Ls».f._.v.l.o)'i
VE) cals slag b Jolis iolojl slojles .ol Ll VYAV QA elys Jlo ;o apuine g ,8 oRidls (53,5l0S
MCC352 .MCC427 MCC537 MCC552 MCCB96) sg55 (sborsigif g ol Jole lorcds (129,98 Y g ol
4 Comd Jol Sl 0,6 50 Loy o ol (lis gl Wog (o058 Jale plgieds el 9 02 05, 90 9 (MCCBO 4
asle o, Sloe 1 YL 9 (o) Vo) (Sou, U jg, olows (1 ity (20090 55 0 s)lo Olas solad (o pgo S 5,6
Sielgm 0,Sdes 5 (e ile Y& g el )| 00 5VL raizmen g MCCFAZ aSgif ) (@aparie ) S5k V- 7)
5 e olaws l5ae oy s s1Hls MCCYDY oigiy .awl cowsay MCCOYY oisiy 1o (0o 50 p,5olS VIFT)
Alg5 A dy 090 CllS Fu U 50 g AdeS Sl 4 Jol cllS b o bl ululp lacaies og (e YY) iy
309 (L FAN)PC2 4 PCL Jgl cusls 7 b yo a5 ols Lis (PCA) Lol sloadlie Jodoo g 4520 gl Sl g
as ols s Gialaesl opl bt ( IS jsbas aiols olaisl o3 a4 1) Wools il ly S (L YY) pgo cuils g )b
S g sl e 9 oledtiol dad igtie )l o8 Laylpd o 0 e 9956 ot (gl <5 b oy

gy MCCFAF 4 MCCOYY

alsy Jolpe woiS loj o Sis il ol sloadlie o g 4y i guadS grejlg

oSy o (Muehlbauer & Tulle, 1997) 855 o
VIVY T S ardsi o LS oyslie VY/AA s955 Slys
BRI B A S INWERR ‘\L».:).D.: ABbos o e
Yo b ol a5 9530 plonll mad & pg0m Ol s
aily SRl o5 geles Vo a o gl PIP 5 a123S L
corlie b Slige s o 5935 ()l o ((FAO, 2021) ol
ooy olaizl og s ay | coss oKl wo o FYIA Jolso
®0 Sygods Gl pl jo g3 cls RS Al @ az gl !
Gibisee Joolpn 5 (St 5 58y 5 w0 plod
ol o yShes (2als slse cnyimten 51 (S ol ol s,
(Rozan et al, 2001) <ol
53 eyl sla s 5 ools &5 (gorlil Sblogs a5l
Lo 5 (codldl Dl plp 5o lasis slacado 28

(Tiwari etal., 2023) 5,15 5ol jlaws Cuonl 5950 5 ,Slas

doddo

Jo—azs yeg—w (Cicer arietinum L.) ole s L o456
ol @it Y gams | (S g Dlige 0lgils w5
S o) s i (K8 0955 g Ll 5l ey o5
4 Slg> (Fernandez et al., 2013) oo Sligs o o
SSan e ee el anngs Jl o slaygis S
b 0590 (g n Sl (oA Wl ge Bl oo DG 39250
) 5953 .(Zaferanieh et al., 2009) oS ools |, a8
@ lies 5iS B sgax ;0 ¢ rse Sgiie g 00,0uS Ll S

8 yolitS 0uS il (6595:S55,51 09,5 ¢ liisly g (658> (gommily =Y g )
Olp) i cpuiie (w938 oS>

Oyl i edgitio w9348 oKl ¢ 2LS pole 0uSiingdy ¢ Lokl Y

(goldani@um.ac.ir (s o g — )


https://ijpr.um.ac.ir/
https://doi.org/10.22067/ijpr.2024.83890.1063
https://orcid.org/0009-0006-2279-2311
https://orcid.org/0000-0002-2547-8014
https://orcid.org/0000-0002-7384-0591
https://orcid.org/0000-0002-1628-3290
mailto:goldani@um.ac.ir
mailto:goldani@um.ac.ir

VBT 095 Ao oY 5,leds N0 ol oyl pl Sl o idg}s 41 pid VFF

9 8l JUl cioly slaplail 4 (g 50aS (g 3umgid olge g 05
Iravani Panah et al., ) c8l zals olS o Sloe sl o
(2022

9 = Srler 9y Ssb) SgeS SRS S
Sla,ld; g oS iwsid Ul e )ge )0 azalS | i
2o Laisis 5 oais® (JUs ¢l bl 5380 Jsko (5 m
ol 5 Sgrte e Dglite Jlons (K23 4 Jood ol 5ee
o bl o 0, Sles Sl sl suRle Lacads
9 ool (cpl ply (Islam et al., 2021) o, oo jloday Sis
5y Shae 5 YL OT B pas o5 L 0558 locaisy sgme
Sy Ll i oo (St AL e bl )3
Obaasne il coeal Ly Gblie (nl ol )slas goladl
L o5 pL8)] alalis 5l Jlo o 3955 S5 kol
S Jorss ISl S g8 (omy55 45 Vb o Shes
Tiwari et al., ) alosls )1, 8 595 Cyolsl |y 59, s jloiiay
(2023

Gl als slacisl) (gauog S suins ol Baa
99 50 0, Slee 132l g 0, Sles Hla 5l 0950 i 4y Jesdio
&lse g ol s o )kl o5 &jgon plate cilS &)
D9 Mo

gy 9 dlgo
Sliass acjie 0 \WWAV- A <l )5 Jw ;o uls]
Vo0 adly agin wgo,d ol iils (g5 5lnS casiils
V7 g az )0 V7 oldlia (ore b g G308 (5 509kS
Ly (355 8o TA a2, 08 bl Jobo 5 Jlos i
05 Sygods Ghalesl b [zl byo w5l e A0 el
Sy Bolar ol slaSsl 7 )b LB o 0uls 05 sl
VFerals &, g0 Jolis Giolej] sloylas ol plil 1SS
G g shol &8 lgieay VFAA 0,5,8 YE 5 1¥AY wiau
MCCB96) Sz 4y pglio glamails ;loedy gl
5 (MCC80 4 MCC352 .MCC427 MCC537 .MCC552
Sledbl dg (o258 &5 plgrear (Geed 5 02) @) 085 50
ol oals 08 ) S o wliilee

Slmogas )y psbiteans alesl 2! 5l S8
— SRy 9 b )l piged as e SISl plerd 9 (S5
el 0 03,81 Y Jguz 0 ol sla

s Glyae 10 Solay Jdody alites slaclilS & U

=9y >l 5, edlidee labes 5 55, Jsb s>
J.JQM u_wl...ala Cobsls Cu)l_u Sl )‘Jj)." ol.nf ‘5......»|) 9
oS iy 5 (otasy Jole 53,5 el slos L agzlse
L oS w090 Job Lials (Amraei, 2022) 5,135 o 3l
(stlod ool Layl, 5 L (] gy (ol 150 492150
Sl SO asilgs o ol Lol g o,y LmalS el wilgs o
alex 3ol 0g5u oS jo S 4 o gl canlie
5ol byl s a g s e crils fu,lb Gl 4o wge Jalse
J)j O)L.ip‘ 39, Jj—b 9 W Lo a“)‘)l_) u.u)l_v QS"H
ozl ol sl o e 51 Se (Skendzié et al., 2021)
o Sl OL:.? GQL»AJ‘ é)gl.o.c K9y 2 swl}.n canls G)L:
S 0lsgS oy fad Jo-b 5o e 5l (5)90 00 fSTa>
Jedoass les J—ad jo (Sajid & Hu, 2022) cul SL>
B J._:Ls oL:,f ‘@L}m )‘ LS)*fb’ oolaul LS‘J? oL:f [‘,5 sz
s 0 0L plSn 095 il 09l ClS e Suo )8 (gl
Jisisl uisls jo 3G 09d gloyw 5 ) Jol> Slodo
Gl 1y i s (SCiS Gl 5 5, b 0 obiS
St Loyl s Yaors a5 3955 oLS (gl Ego50 (pl A2 0
Ayms Ay s Sl ol S cush) als g WS L
a8 )8 ol slasdlas (o (Zali et al,, 2015) ), 5 I3
Ol oyl criS Al Camd L 3l j0 0458 cils aS
asls o, Slae wab pii 6 kol Olado jui> ag 0,08 (5,5
A4S adod (0 .ah wled yiion w0 bald 4 Cad 995
W8S D )gmo Glaed )3 3955 59, = (5 S g b
059 e 3 asls sl wesls o sl bas s 3,158
B olaw o i g C8L malS dilo o Slae g ailo Ve -
Y’) Jﬁ‘ MU@)L:).: wails O)_ilA.CB alo Ve 0)9 s459.3
Z, 5l ey 0 o (Seyedi et al., 2020) o Jol> (g
ciS m,l e ).,_>l_, W osle Hlid ey 0950 o8, aw
(<58 5 ol &Ll slawi ol S glay )l o jxe ol > ge
gasle Voo 59 a®dle jo asls slaay g ;o BMleslass
0,95 Jsb (o obsS 09b o0 ol S (g, W8 al> e a5
o|)_o.m ol_:f o ‘5).“_.»9_»_9 ‘5[&0&)5‘)5 u.._mlf lJ 56&..’.5) \.\.....:)



VPO ... ywlwly (Cicer arietinum L.) L5 og50 Sind 43 Jozio Glaysils s 93) giiuog 5 ool 0n g (3w

Temperature and rainfall changes the growing seasons
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Fig. 1- Meteorological statistics (monthly) of Mashhad synoptic station during the test period in 2017-2018
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Table 1- The results of chemical analysis of experimental field soil (0-30 Cm)
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Table 3- The central cluster of chickpea traits in different genotypes on March 5 planting date

e Vades  Tadys  Yabs  Fadgs  SypiSieals
Variable Clusterl Cluster2 Cluster3 Cluster4 Grand centroid
S 76.3 66.3 73.8 8255 755
Emergence percentage
s 659 91.2 101 101 101 94.9
Days to maturity
il 25.2 19.9 23.3 28.0 247
Plant Height
Sl o Khe 2.26 1.70 258 1.79 217
Biological yield
(B Gy, slaad 57,5 76.3 63.8 67.0 618
Anthesis
e olows
26.8 18.8 16.8 295 24.8
Number of pods
35kee 0.897 0.713 1.06 0.704 0.871
Yield
“'°ﬁ I“" L 403 421 415 39.1 40.6
0,004
33337
[
86,47
10000 T T
jam 352 537 552 1] SAIIREIL 417 1]

s VP bl ey 50 alize lino 5l cnd 2956 gouisi} sladigs (gueg S-S
Fig. 9- Cluster grouping of chickpea genotypes under the influence of different traits on the planting date of March 5
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Table 4- The central cluster of chickpea traits in different genotypes on the planting date of April 13

e ) abgs Y adss adss i Al
Variable Cluster 1 Cluster 2 Cluster 3 Grand centroid
OIS e 2050 73.0 5.8 35.3 63.9
Emergence percentage
e Uoe) 67.0 675 725 67.8
Days to maturity
L5 £l 21.7 20.6 21.9 21.4
Plant height
&”J = > ] 0.893 0.676 0.580 0.800
Biological yield
BT 59 ol 46.4 47.3 50.0 47.0
Anthesis
A sl 16.3 15.0 213 16.6
Number of pods
> . 0.369 0.262 0.235 0.325
Yield
415 39.3 39.7 40.7
HI
0.00-
33334
9567
10000+ T T
jam 557 a0 a7 GG a5z 427 sameen
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Fig. 10- Cluster grouping of chickpea genotypes affected by different traits on planting date of April 13
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Table 5- Eigenvalue, percentage of changes, cumulative variance and correlation between the main variables and four
factors resulting from the analysis of the principal component (PC) of chickpea genotypes on the planting date of March 5

Characteristics Y Lol ailgo ¥ Lol 4ilgo ¥ Lol aidgo f Lol ailge
et PC1 PC2 PC3 PC4
e 0.336 0.260 -0.470 -0.301
Emergence percentage
5 U5 -0.376 0.015 -0.537 0.381
Days to maturity
alkad 0.362 0.159 -0.577 -0.019
Plant height
Seslser 2)5kee 0.330 -0519 -0.084 0.252
Biological yield
BT 5y, sl -0.475 0.103 -0.262 0.281
Anthesis
e s
S sl 0.362 0.477 0.155 0.155
Number of pods
35kee 0.269 -0.586 -0.149 0.131
Yield
“‘"“’ﬁ ;"" L -0.276 -0.237 -0.187 -0.762
g lade 3.48 2.05 1.16 0.955
Eigenvalue
“‘“’L“ 43.4 25.7 145 11.9
Proportion
o 434 69.1 837 95.6
Cumulative
i SallgEn
2

Number of Pod

1 .
jam .
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Fig. 11- The loading diagram of all measured variables in the analysis of main components for chickpea genotypes on
planting date of March 5
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Table 6- Eigenvalue, percentage of changes, cumulative variance and correlation between main variables and four
factors resulting from principal component analysis (PC) of chickpea genotypes on April 13 planting date

Characteristics Y Lol ailge ¥ Lol ailio ¥ Lol ailge ¥ Lol aidgo
b psla PC1 PC2 PC3 PC4
D -0.338 0.260 0.446 0.497
Emergence percentage
i 0.333 -0.461 0.278 0.271
Maturity
gl 0.258 0.532 0.077 0.515
Plant
Seigl 2 8les 0517 0,274 -0.060 0.244
Biological yield
BT U g, slass 0.395 0428 0.176 0.333
Anthesis
e sl 0.072 0.205 -0.614 0.325
Number of pods
25 -0.527 -0.245 -0.013 0.188
Yield
‘"‘"'”; IU‘" L -0.045 0.277 0.553 0322
59 e 2.95 2.16 1.69 0.575
Eigenvalue
ks 36.8 27 212 7.2
Proportion
e 36.8 63.8 85 921
Cumulative
537
®
2
jam
— i 552 v -
£ 1 Greendng percentage Number DfP!]d
o eight
g
- —
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Fig. 12- The loading diagram of all measured variables in the analysis of the main components for chickpea genotypes
on the planting date of April 13
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